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Read/Write device for optical memory and method therefore 



TECHNICAL FIELD OF THE INVENTION 

The present invention relates to the field of optical storage systems, and more par- 
5 ticularly to reading out information from an optical storage medium and to writing 
information onto the optical storage medium. 

BACKGROUND OF THE INVENTION 

An optical storage system is composed of an optical disc drive system and an opti- 
cal storage medium, such as an optical disc. The optical disc drive has a light beam 

10 source, a light beam distribution system and a light beam detection system for read- 
ing out information from the optical disc and recording information onto the optical 
disc. The read and write operation functionality of the optical disc drives is tradi- 
tionally accomplished by using an optical pick-up unit (OPU) which is arranged to 
locate so that the light beam is angled perpendicular to the optical disc for radiating 

15 and detecting purposes. This kind of read and write operation is designated as the 
perpendicular operation in this present application. 

The optical pick-up units of prior art typically have a laser light emitting diode, light 
detector, optical lens and device e.g. voice coil to position the lens for proper focus- 
ing and tracking during read and write operation. The OPU moves radially to access 
20 data tracks on the optical disc by using a sliding rail system connected to a motor or 
the fixed OPU is connected to a geared rotatably positioned optical pipe connected 
to a motor. When the optical disc rotates around its center by means of a motor and 
the OPU or a light guide head connected to the OPU moves radially across the opti- 
cal disc, data tracks of the optical disc are accessed. 

25 The optical pick-up units of prior art typically use a single light beam path toward 
the optical storage medium. Optical light guides are used as a channel for directing 
the light beam from the light source to the lens system adjacent to the track of the 
optical disc and for directing back the reflected light beam from the track of the op- 
tical disc to the detection system adjacent to the light source. In a typical embodi- 

30 ment, a polarizing beam splitter (or similar system using e.g. semi-reflecting mir- 
rors) is used to direct the light beam to the lens system. 
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The traditional CD and DVD technology is considered to be known art and covered 
extensively by patents and published literature; hence, it is not mentioned here ex- 
plicitly. Some examples of non-standard solutions for prior art optical pick-up units 
are described in the following documents: WO 99/00793, US 4581529, US 5481515, 
5 US 5835458 and US 6256283. Recent prior art for non-standard fixed-arm systems 
includes documents WO 02/059888A2 and WO 02/059887 A2. 

There are certain limitations related to the OPU systems of prior art. A mass of the 
movable OPU or the geared rotatably positioned optical light guide head is heavy. 
Especially a laser source is a weighty and large-size component and the mass of the 

10 laser source is centered on the movable OPU or the movable light guide head in 
prior art systems. The weight of the movable OPU causes together with the pitching 
motion of the disc problems in defocussing and sensitivity to the track angle error. 
Many optical storage systems of prior art require astigmatism in the system for error 
analysis, and this also results higher component count in the form of used astigma- 

15 tism elements. All extra components cause weight increase and complexity to the 
system which extends access times and increases power consumption of the OPU 
system. The access times are outstandingly long in case of the movable sledge OPU 
systems. 

SUMMARY OF THE INVENTION 

20 An object of the present invention is to solve the problems related to prior art and 
thus to provide a device and method for reading out data from the optical storage 
medium and writing data to the optical storage medium enabling a small-size and 
low-weight optical storage system. Another object of the invention is to provide a 
method and device for reading out data from the optical storage medium and writing 

25 data to the optical storage medium to keep an optical storage system in focus and on 
track to ensure a reliable operation. 

The object of the present invention is fulfilled by providing a device and method 
where a single light beam or multiple light beams are arranged to be angled trans- 
versal to the optical storage medium for radiating (emitting) the beams and detect- 
30 ing (receiving) the reflected beams. The beam is transversal when its centre beam 
essentially deviates from the perpendicular direction to the optical storage medium. 

In accordance with the present invention there is provided a device comprising an 
optical storage medium drive and at least one access unit for reading out data from 
and writing data to an optical storage medium comprising a plurality of data tracks, 
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said device comprising: at least one light source arranged to produce at least one 
first light beam and at least one second light beam; transmitting means arranged to 
transmit and guide said first light beam and said second light beam towards said 
data tracks of the optical storage medium; and detecting means arranged to detect 

5 light beams that are reflected from the surface of the optical storage medium, is 
characterised in that said access unit is arranged to pivot on one end three- 
dimensionally, said transmitting means and said detecting means are arranged to 
move in accordance with the movement of said access unit, said transmitting means 
are arranged to guide said first light beam and said second light beam transversal 

10 towards data tracks of the optical storage medium, and said detecting means are ar- 
ranged to receive the reflected beams of said first light beam or said second light 
beam from said data tracks of the optical storage medium. 

In accordance with the present invention there is provided a method for reading out 
data from and writing data to an optical storage medium in a device comprising at 

15 least one access unit, the method comprising steps, in which: at least one optical 
storage medium comprising a plurality of data tracks, stores data; an optical storage 
medium driver controls operation of the device; at least one light source produces at 
least one first light beam and at least one second light beam; said first light beam 
and said second light beam are transmitted and guided towards said data tracks of 

20 the optical storage medium; and the light beams that are reflected from the surface 
of the optical storage medium are detected, is characterised in that it further com- 
prises steps, in which: said first light beam and said second light beam are guided 
transversal towards said data data tracks of the optical storage medium; the reflected 
beams of said first light beam or said second light beam from said data tracks of the 

25 optical storage medium are received; and said access unit is moved three- 
dimensionally in relation to a pivot point on one end to focus and track said first and 
second light beams. 

One preferred embodiment of the present invention is considered to be a communi- 
cation device and a method where an access unit, preferably an arm unit, is control- 

30 lable to a position, in which a read light beam is directed transversal towards data 
tracks of the optical storage medium and write light beam perpendicular to said data 
tracks of the optical storage medium, and in which the light beam is kept in focus 
and on track by following a change in the intensity distribution of the reflected light 
beam identified by a detector. According to one preferred embodiment a light 

35 source emitting light beams locates at or near a pivot point on one end of the access 
unit. 
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In this application three-dimensionally means that the access unit moves in relation 
to vertical (x) and horizontal (y) axis and rotates in relation to longitudinal (z) axis 
at the pivot point. In this application a term focusing signifies same as keeping in 
focus and a term tracking signifies same as keeping on track. 

5 The present invention provides a novel way of implementing the optical read/write 
system which enables to reduce component count by a new optical component ar- 
rangement which simplifies the optical system. The moving access unit according to 
the present invention is possible to manufacture using thinner geometries and thus 
the moving acces unit fulfils the requirements of small size and low weight which 

10 are crucial needs in the ultraminiature range of optical storage devices. 

In addition, the present invention provides a novel and accurate way of keeping the 
optical read/write system in focus and on track. The combination of using transver- 
sal light beams to be directed to and reflected from the optical storage medium and 
the use of the moving access unit provides a simple focusing and tracking method. 
15 The focus-error and track-error signals can be identified by following the change in 
the intensity distribution of the reflected light beam. The reliable operation is 
achieved by the simultaneous transversal light beam focusing and tracking during 
the read and/or write operation. 

In addition, a smaller size and lower weight of the moving access unit according to 
20 the present invention also enables faster random access time of the optical storage 
device. The movable mass of the access unit becomes still lighter by fixing all pos- 
sible components (including a light source) onto the pivot point of the access unit. 
This minimizes the angular momentum needed to move the arm. By reducing com- 
ponent count a method and device according to the invention does also thus reduce 
25 power consumption. The component count of optical components can be minimized 
in the simplest implementation of the present invention significantly. Due to re- 
duced component count also space savings are achieved and production costs be- 
come lower. 

Further the device and method according to the present invention does not put any 
30 additional restrictions on the optical storage medium and all existing optical disc 
media can be used. 

Some embodiments of the present invention are described in the dependent claims. 
The main physical characteristics and simulation results for the invention are also 
described in the attached report, which supplements the patent application but does 
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not supercede it. The report contains some detailed calculations which have been 
left out of this application, as they are considered details of one specific embodi- 
ment rather than pertaining to the basic invention. However, they are relevant for 
establishing the technical feasibility of the invention. 

5 The novel features which are considered as characteristic of the invention are set 
forth in particular in the appended Claims- The invention itself, however, both as to 
its construction and its method of operation, together with additional objects and 
advantages thereof, will be best understood from the following description of spe- 
cific embodiments when read in connection with the accompanying drawings and 
10 also the attached report. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure la illustrates a side projection of the device according to one embodiment of 
the present invention. 

Figure lb illustrates a side projection of the device according to another embodi- 
15 ment of the present invention. 

Figure 2a illustrates an embodiment of an optics set up of the device according to 
the invention. 

Figure 2b illustrates another embodiment of an optics set up of the device accord- 
ing to the invention. 

20 Figure 2c illustrates another embodiment of an optics set up of the device accord- 
ing to the invention. 

Figure 3a illustrates an simple embodiment of an optics set up of the device accord- 
ing to the invention. 

Figure 3b illustrates another embodiment of an optics set up of the device accord- 
25 ing to the invention. 

Figure 4a illustrates one embodiment of the device according to the invention. 

Figure 4b illustrates another embodiment of the device according to the invention. 

Figure 4c illustrates still another embodiment of the device according to the inven- 
tion. 
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Figure 5 illustrates an embodiment of using two separate light sources according 
to the present invention. 

Figure 6a illustrates a fundamental idea of a focusing signal detection of the device 
according to the invention. 

5 Figure 6b illustrates a fundamental idea of a focusing signal detection of the device 
according to the invention. 

Figure 6c illustrates a fundamental idea of a focusing signal identification of the 
device according to the invention. 

Figure 6d illustrates a fundamental idea of a focusing signal identification of the 
10 device according to the invention. 

Figure 6e illustrates a fundamental idea of a focusing signal identification of the 
device according to the invention. 

Figure 7a illustrates a fundamental idea of a tracking signal detection of the device 
according to the invention. 

15 Figure 7b illustrates a side view of a fundamental idea of a tracking signal detection 
of the device according to the invention. 

Figure 7c illustrates a side view of a fundamental idea of a tracking signal detection 
of the device according to the invention. 

Figure 7d illustrates a simplified fundamental idea of a tracking signal identifica- 
20 tion of the device according to the invention. 

Figure 7e illustrates a simplified fundamental idea of a tracking signal identifica- 
tion of the device according to the invention. 

Figure 7f illustrates a simplified fundamental idea of a tracking signal identifica- 
tion of the device according to the invention. 

25 Figure 7g illustrates a top view of a fundamental idea of a tracking signal identifi- 
cation of the device according to the invention. 

Figure 7h illustrates a fundamental idea of a tracking signal identification of the 
device according to the invention. 
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Figure 7i illustrates a fundamental idea of a tracking signal identification of the 
device according to the invention. 

Figure 7j illustrates a fundamental idea of a tracking signal identification of the 
device according to the invention. 

5 Figure 7k illustrates a fundamental idea of a tracking signal identification of the 
device according to the invention. 

Figure 8 illustrates a block diagram of a communication device according to the 
invention. 

Figure 9 illustrates a flow diagram of a method according to the invention. 

10 Figure 10a illustrates a flow diagram of an algorithm for a method according to 
an embodiment of the invention. 

Figure 10b illustrates a flow diagram of an algorithm for a method according to 
another embodiment of the invention. 

DETAILED DESCRIPTION 

15 Figure la illustrates a principal set up of the device according to the present inven- 
tion for reading out data from an optical storage medium and for writing data to an 
optical storage medium. The optical storage medium 1 1 can be any CD-type read- 
able and/or writeable optical disc, such as CD-R, CD-ROM, CD-RW, DVD or any 
other existing optical disc media or future implementations of this kind. The optical 

20 storage medium 1 1 comprises data tracks, and adjacent data tracks are decoupled 
from each other by a narrow area. The data tracks may be pre-grooved or stamped 
and made of suitable material to form optically resolvable structures on the optical 
storage medium. Bit patterns that produce adequate optical intensity variation on the 
data tracks, e.g. the pitted structure of the medium, form a basis for storing and 

25 changing information. The device also comprises an optical storage medium drive 
(not depicted), which can be of any commercial type available. The movement of 
the optical storage medium is arranged by the optical storage medium drive. 

The access unit 10 pivots on its one end 101, which is called here a pivot point 101, 
three-dimensionally. Three-dimensionally means that the access unit moves in rela- 
30 tion to vertical (x), horizontal (y) and longitudinal (z) axis at the pivot point. Thus 
the access unit is capable of being controlled in upwards-downwards and lateral di- 
rection in relation to its pivot point, as well as in direction of rotation related to axis 
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of revolution in relation to the pivot point of the access unit. By controlling the ac- 
cess unit in relation to the tilted (z axis) direction the push-pull movement of the ac- 
cess unit is produced, which push-pull movement keeps the z axis perpendicular to 
the surface of the optical storage medium. The access unit 10 may preferably be an 
5 arm unit, which may also be called a pivoting arm or moving arm. The motion of 
the arm in the x,y,z directions may be controlled e.g. by acoustic loops similar to 
those controlling the motion of the small lenses in traditional CD drives. The access 
unit can be realized in a number of alternative ways; the key point is that orientation 
of the beam must be controllable in the x, y, and z directions. 

10 Other main units of the device illustrated in figure la are a light source 12 for emit- 
ting a light beam 13, an optical component 15, such as a mirror, prism or other suit- 
able optical component, for bending the light beam towards the optical storage me- 
dium 11, another optical component 16, such as a lens or diffractive optical element 
(DOE), for bending and focussing the light beam, an optical component 17, such as 

15 a lens or diffractive optical element (DOE), for collimating and/or focussing the re- 
flected light beam and a detector element 18 for receiving and detecting the re- 
flected light beam. The detector element 18 has two or more, preferably four, de- 
tecting surfaces for analysing focus and tracking signals. Collimating optics 14 may 
be used for collimating the light beam. The transmission of the light beam 13 from 

20 the light source 12 to the optical components 15, 16 can be done in free space, but it 
is also possible to use an optical component (not depicted), such as a waveguide, 
lightguide or alike, for transmitting the light beam. All above mentioned units 12 - 
1 8 of the device are arranged so that they move in accordance with the movement of 
the access unit 10, i.e. they are hung to the access unit with appropriate fastenings 

25 means an example of which is a supporting body 19 in figure la. The units 12 and 
18 are also connected electrically to the access unit 10 and a main control unit (not 
depicted) of the device. The light source 12 is preferably located at or near the pivot 
point 101 in order to minimize the angular momentum needed to move the arm. 

In accordance with the above mentioned set up of the device according to the pre- 
30 sent invention the light beam emitted from the light source is guided in a transversal 
angle towards the data tracks of the optical storage medium. The reflected light 
beam reflected from the surface of the optical storage medium is received in a 
transversal angle by the detector element 18 and associated optical components 17. 
Due to the different optical paths of the light beams, the separation of the illumina- 
35 tion light and the reflected light containing the data signal is occuring naturally. 
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According to one embodiment of the device a light source 12 may be located at the 
other end of the access unit 10 than the pivot point 101, i.e. at the access unit, pref- 
erably an arm unit, head. In this embodiment the light source is directed in an ap- 
propriate angle towards a surface of an optical storage medium and thus no mirror 
5 15 is needed for bending a light beam. Only a DOE 16 is needed to focus a light 
beam properly. This embodiment requires less components than depicted in figure 
la, but it presumes very low weight of a light source to be used. 

Figure lb illustrates another embodiment of the device according to the present in- 
vention. In this set up of the device the detector element 18 is located at or near the 
10 pivot point 101 and the light source 12. When using a single light path propagation 
of the light beam it is needed in addition to provide another optical component 15b 
after the focusing component 17a to bend the light beam towards the detector ele- 
ment 18. There may also be provided detecting optics 14b in front of the detector 
element for focusing the reflected light beam. 

15 According to another embodiment of the device also multiple light paths may be 
used. Figure lb illustrates a splitter component 17b for splitting the light beam into 
more than one beam. When the splitter component is used there is needed detector 
optics 14b in front of the detecting element for each beam of the multiple light 
beams 13b. In this embodiment the light source 12 may emit a single or multiple 

20 light paths 13a depending on the type of the light source. In case of the light source 
emits a single light path 13a the splitter component 17 may be installed in front of 
the bending component 15a. 

Figures 2a - 2c illustrate optics set up of the device according to some embodiment 
of the present invention where two light beams 21, 22 are used: one for reading data 

25 21 and the other for writing data 22 (thicker lines). The optics set up of the device 
comprises mirrors 24, 25 for bending the light beams. Instead of mirrors, also 
prisms or other suitable optical components may be used for bending the light 
beams. On the substrate 23 are integrated a detector element 26, transparent element 
28 e.g. glass element and diffractive elements (DOE) 27 in front of the transparent 

30 element. The reflected light beams 33 are directed towards the detector element 26. 
In embodiments depicted in figures 2a and 2b the mirror for the light beam 21 is 
ahead of the mirror 24 for the light beam 22 so that the read beam 21 is arranged to 
form a spot location 29b of the focussed beam on the optical storage medium 1 1 in 
a different location than the other spot location 29a of the focussed beam formed by 

35 the write beam 22. According to an embodiment there are separate spot locations 
for the both focussed beams, namely the reading point 29b and the writing point 
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29a. These spot locations 29a, 29b may locate to any direction in relation to each 
other on the data tracks, including location on different tracks, e.g. the other may 
locate ahead, behind or aside in relation to the other. According to the preferred 
embodiment of the invention the read beam 21 is arranged to form a spot location 
5 29b of the focussed beam on the optical storage medium 11 preferably slightly 
ahead of the other spot location 29a of the focussed beam formed by the write beam 
22. 

Figure 2a shows one embodiment of the invention that uses the transversal light 
beams both for reading data and for writing data in relation to the optical storage 

10 medium. As shown in figure 2b another embodiment of the invention uses the 
transversal light beam for reading data and the perpendicular light beam for writing 
data in relation to the optical storage medium. Transversal means here transversal 
beam towards the optical storage medium and perpendicular means perpendicular 
beam to the optical storage medium. The synchronization of beam pulses are de- 

15 scribed later in this description. The synchronization of read and write pulses enable 
the focus and write operation to take place simultaneously. This embodiment en- 
ables fast random access times for writing operation. It provides an extremely small 
and low-mass optical pick-up unit which is a crucial need in ultraminiature device 
range and enables fast access. Also due to reduced component count it reduces costs 

20 and decreases power consumption. 

Figure 2c illustrates another embodiment of the optics set up of the device using 
two light beams according to the invention. In this embodiment the read beam 21 
and write beam 22 hit the same spot location 29 of the focussed beams. The set up 
of optics differs from the set up shown in figure 2a or 2b in that the mirror 24 is 

25 ahead of the mirror 25. As shown in figure 2c this embodiment of the invention uses 
the transversal light beam for reading data and the perpendicular light beam for 
writing data in relation to the optical storage medium. In consequence of that the fo- 
cus and track guiding is done by the transversal light beam at the same time when 
writing operation is done by the perpendicular light beam. The synchronization of 

30 read and write pulses are described later in this description. This embodiment of the 
invention also provides an extremely small and low-mass optical pick-up unit which 
is a crucial need in ultraminiature device range. Also due to reduced component 
count it reduces costs and decreases power consumption. 

Figure 3a shows an embodiment of a simple optics set up of a device according to 
35 the invention, where separate read 3 1 and write beams 32 and reflected read beam 
33 are guided through a single lens 35. The diffractive element (not depicted) can be 
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realized as a surface element. Also this embodiment of the invention uses the trans- 
versal light beam for reading data and the perpendicular light beam for writing data 
in relation to the optical storage medium. 

Figure 3b illustrates an embodiment of the optics set up of the device according to 
5 the invention, where separate read beam 31 and write beam 32 and reflected read 
beam 33 are guided through a single lens 35. The diffractive element (not depicted) 
can be realized as a surface element. In addition optical components 36, 37 are used 
to separate incoming read beam 31 and reflected read beam 33 from write beam 32 
by polarization or wavelength of the beams. The optical component 36, 37 can be 
10 realized by using components, such as polarizing splitters and dichroic beam split- 
ters, and in association with these components diffractive elements can be used. 
This embodiment provides that read and write beams have opposite polarization or 
different wavelengths and that the medium responds differently to light at these dif- 
ferent polarizations or wavelengths (e.g. two-photon operation). 

15 Figure 4a illustrates an embodiment of the device according to the invention with 
one access unit 41 which is preferably an arm unit. In this embodiment the read 
beam and write beam is controlled along the arm 41 pivoting on one end the pivot 
point 101 three-dimensionally as described earlier. The arm unit is run by a small- 
size and low- weight motor 43. According to this embodiment the read beam is 

20 guided and bended to meet the optical storage medium 1 1 in transversal angle, and 
the write beam is guided and bended perpendicular to the optical storage medium 
1 1 . In association with one arm implementation all the optics set ups described in 
figures 2a, 2b, 3a and 3b may be used. This arrangement enables simultaneous read 
and write operation. It also enables very fast random access time for read operation 

25 even if write operation is slower. 

Figure 4b illustrates an embodiment of the device according to the invention with 
double-arm unit. In this embodiment the read beam is controlled along the first arm 
41 and the write beam is controlled along the second arm 42. Both arms pivot on 
one end of the pivot point 101 three-dimensionally. According to this embodiment 

30 the read beam is guided and bended to meet the optical storage medium 1 1 in trans- 
versal angle, and the write beam is guided and bended transversal or perpendicular 
to the optical storage medium 1 1 . In association with double-arm implementation 
all the optics set ups described in figures 2a, 2b, 3a and 3b may be used. This ar- 
rangement enables simultaneous read and write operation. It also enables very fast 

35 random access time for read operation even if write operation is slower. The dou- 
ble-arm unit also enables to use separate read-only drives and read/write drives, 
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analogously to existing CD and CD-R drives. The double-arm solution, however, 
adds some weight to the device, but the extra mass can be rmnirnized by sharing 
some functions of the motor 43 e.g. by the gear system so that it is not necessarily 
required to include two separate motors for both arms. The arms can be synchro- 
5 nized mechanically to provide more symmetric read and write operation. 

Still a further embodiment of the device according to the invention is illustrated in 
figure 4c. Here, a traditional sledge unit 45 is used in association with the arm unit 
41 as access units according to one embodiment of the the invention. In this em- 
bodiment the read beam is guided and bended to meet the optical storage medium 

10 1 1 in transversal angle by the arm unit 41 , and the write beam is guided and bended 
perpendicular to the optical storage medium 1 1 by the sledge unit 45. The arm unit 
pivots on one end the pivot point 101 three-dimensionally. This embodiment adds 
more weight to the device than the one-arm unit depicted in figure 4a and the dou- 
ble-arm unit depicted in figure 4b, because separate motors 43, 44 are needed for 

1 5 the sledge unit 45 and arm unit 4 1 . Although the motors 43 , 44 may be integrated in 
one module, their functionality is different. The embodiments shown in figures 4b 
and 4c are not regarded the best mode of the invention, because they add weight, 
cost and complexity to the device and the write operation uses traditional optical 
pick-up units (OPU) as shown in figure 4c with their problems described in the 

20 backgroud of the invention. 

Figure 5 illustrates an embodiment of the present invention, where separate light 
beams or beam paths 56, 58 are produced by two separate light sources 51, 52. The 
light beam paths 56, 58 are guided according to the invention to the access unit 50 
as described earlier in this description. In this embodiment the separate light sources 
25 51, 52 are synchronized by the synchronization means 55 to insure high level of 
precision in read/write operation. A flow diagram of the simplified algorithm for the 
embodiment with separate light sources embodiment is described in figure 10a and 
a flow diagram of another algorithm for the embodiment with separate light sources 
is described in figure 10b. 

30 In the following the detection of the focusing and tracking signals is described. The 
light beam is transmitted from the light source along an pivoting arm which is capa- 
ble of being controlled three-dimensionally in relation to its pivot point. This means 
that the pivoting arm moves in up-and-down, lateral and longitudinal (rotational re- 
lated to axis of revolution) directions, i.e. it pivots on in relation to x-, y- and z-axis. 

35 This arrangement ensures that the light beam follows the data track transversal to 
the surface of optical storage medium in the direction of propagation but accurately 
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perpendicular to the surface of the optical storage medium in lateral direction, A 
push-pull movement of the access unit keeps the z axis perpendicular to the surface 
of the optical storage medium. 

The combination of using transversal light beam to be directed to and reflected from 
5 the optical storage medium and the use of the moving arm provide simple focusing 
and tracking capability, because focusing and tracking signals can be identified by 
following the change in the optical intensity distribution of the reflected light beam. 
Realiable operation and fast random access times are achieved by the simultaneous 
transversal light beam focusing and simultaneous read and/or write operation. 

10 The signal processing method relies on the existence of several orders of diffracted 
light. The reflected light beam is separated into sub-beams, called diffraction orders 
and assigned by their ordinal numbers starting from the central beam (diffraction 
order = 0) and appended by plus or minus sign on the repective sides of the central 
beam (-1, +1, etc.). The central beam (the thick arrow lb, lb' in Figures 7b and 7c) 

15 is the zero-order diffraction, corresponding to ordinary geometric reflection. In the 
first approximation, geometric optics can be used to analyze the behavior of this or- 
der (Figures 6a-6e). Analysis of the side orders (the thin lines la, lc, la\ lc\ lc" 
in Figures 7b,7c) requires optical modelling where the diffraction is taken into ac- 
count. However, again as a first approximation, geometric optical modelling has 

20 been used to trace the location of the central peak of the diffracted orders. The cen- 
tral beam and side orders together form the so-called "baseball pattern" (figures 7g- 
7k) known in prior art. 

Figures 6a and 6b illustrate the fundamental idea of the focusing signal detection of 
the device according to the invention. A detector element 18 which may preferably 

25 be a quad detector with four detector surfaces 18a, 18b, 18c and 18d is depicted in 
figures 6c-6e (and 7d-7f). In figure 6a the access unit 10, preferably the arm unit, 
moves relative to the optical storage medium 1 1 as needed to keep the light beam in 
focus. Figure 6b shows an optical element e.g. a lens 16 which bends the light beam 
transversal towards the optical storage medium, and a detector element 18 with at 

30 least two surface elements. More detectors and detectors with different geometries 
may also be used. According to the invention the optical element 16 and the detec- 
tor element 18 are arranged to move along the arm unit 10 with appropriate fasten- 
ing means. In consequence of the moving arm the movement of the optical element 
16 toward or away from the optical storage medium will move the spot location A, 

35 B, C on the detector element 18 according a distance between the optical storage 
medium 11 and the optical element 16. The points A\ B\ C* are spot locations of 
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the beams on the optical storage medium, respectively. In figure 6b the spot location 
A (and A') shows the situation when the reflected light beam is in focus on the sur- 
face of the optical storage medium 11. Correspondingly the spot location B (and B') 
shows that optical storage medium 1 1 is too close to the detector (above focus) and 
5 the spot location C (and C) shows that it is too far from the detector (below focus). 
The light beam may optionally be guided to the detector element 1 8 with an optical 
element (e.g. figure 2a part 28) or a diffractive optical element (e.g. figure 2a part 
27) in front of the detector. 

The detection by identifying the focusing signal to control the movement of the arm 

10 unit is described next in association with figures 6c, 6d and 6e. These figures illus- 
trate a detector element 1 8 , preferably a quad detector with four detector surfaces 
18a, 18b, 18c, 18d. A track direction is shown by an arrow. For example, a colli- 
mated circular light beam can be emitted and then be focussed on the data layer by a 
diffractive optical element. The reflected light beam is then collimated or focused 

15 on the detector by the diffractive optical element. The reflected light beams from 
the surface of the optical storage medium are received by the quad detector 18 
which four surface areas 18a, 18b, 18c and 18d responding to light intensity signals 
SI, S2, S3 and S4, respectively. Figures 6c, 6d, 6e shows if one received reflected 
light beam is in focus or not. The intensity distribution and the shape of the spot on 

20 the detector 18 varies at various positions of the optical strorage medium. The fo- 
cus is determined by the location of the central reflected beam along the top-bottom 
direction of the quad detector. (There are additional diffracted orders that appear as 
side spots. Since these are used in the tracking detection, they have been eliminated 
from this figure; in principle they only add extra calibrating factors to the focus 

25 push-pull algorithm). In figure 6c a focusing signal aligns to the spot 76 which cov- 
ers an area where the surface area S2 is much larger than the surface area S3. This 
means that the reflected light beam is above focus and the detector element is ar- 
ranged to control the access unit to move downwards. In figure 6d a focusing signal 
aligns to the 76 which covers an area of the detector surfaces where the signals S2 

30 and S3 are equal. This means that the reflected light beam is in focus and any cor- 
rection is not needed and thus the detector element is arranged to control the access 
unit to stand still. Finally, in figure 6e a focusing signal aligns to the spot 76 which 
covers an area where the signal S2 is much smaller than the signal S3. This means 
that the reflected light beam is below focus and the detector element is arranged to 

35 control the access unit to move upwards. The baseball pattern on the surface of the 
detector is moving in accordance with changed focus. 
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Figures 7a, 7b and 7c illustrate a highly simplified schematic of the fundamental 
idea of the tracking of the device according to the invention. A more realistic sche- 
matic is shown in Figures 7g - 7k. Figures 7a - 7f show an intuitive representation 
of one embodiment of the basic concept. In figure 7a the access unit 10, preferably 
5 the arm unit, moves in lateral direction in relation to the optical storage medium 1 1 
to keep the light beam on track. Figures 7b and 7c show a lens 16 which forms a fo- 
cused beam that on reflection creates two orders of diffraction around the central 
beam. In a geometrical approximation, these can be modelled as beams 1 travelling 
towards the data track 70 of the optical storage medium 1 1. Each beam is then re- 

10 fleeted towards a detector element 18 with at least two, preferable four, surface 
elements for analysing tracking. The reflected central beam in figure 7b is lb and in 
figure 7c lb'. Respectively, the reflected diffracted beams are la, lc and la', lc\ 
Figure 7b shows a situation when the light beam is on track (diffracted orders -1,0, 
+1) and figure 7c shows an off track situation where the light beam lc' is reflected 

1 5 from the edge (beam 1 c " ) of the data track 70. 

The detection by identifying the tracking signal to control the movement of the arm . 
unit according one simplified embodiment of the invention is described next in as- 
sociation with figures 7d, 7e and 7f. These figures illustrate a detector element 18, 
preferably a quad detector with four detector surfaces 18a, 18b, 18c, 18d. A track 

20 direction is shown by an arrow. For example, a circular collimated light beam 1 can 
be focussed on the data layer by a diffractive optical element. The reflected light is 
then collimated or focused on the detector by the diffractive optical element. The 
tracking signal is detected by the detection element 18. The spot locations of the re- 
flected beams form a baseball pattern on the four surfaces of the detector. The in- 

25 tensity distribution and the shape of the spot on the detector 1 8 varies at various po- 
sitions of the optical strorage medium. By comparing the intensities received by e.g. 
two quadrants, e.g. surfaces 18a and 18d locating at opposite sides of the track, the 
tracking characteristics can be identified. The reflected light beams (figure 7b 
beams la, lb, lc) from the surface of the optical storage medium are received by 

30 the quad detector 18 which four surface areas 18a, 18b, 18c and 18d responding to 
light intensity signals SI, S2, S3 and S4, respectively. For example, in figures 7d, 
7e and 7f two reflected light beams are detected and identified. In case of the off 
track situation, the baseball pattern becomes asymmetric according to figures 7d 
and 7f . In figure 7d the light intensity of the spot 77a is higher on the area of the de- 

35 tector surface 18a than the intensity of the spot 77b on the surface 18d, correspond- 
ing to signal SI being higher than signal S4, which means that the light beam is to 
the left of the track. This results that the detector element 18 is arranged to control 
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the access unit to move to the right. In figure 7f the intensity of the spot 77b is 
higher on the area of the detector surface 18d than the spot 77a on 18a, correspond- 
ing to signal S4 being higher than signal S 1 , which means that the light beam is to 
the right of the track. This results that the detector element 18 is arranged to control 

5 the access unit to move to the left. In figure 7e intensities of the spots 77a and 77b 
are equal in the surface area 18a and 18d, corresponding to signal SI being equal to 
signal S4, and thus the light beam is on track. No correction is needed and thus the 
detector element is arranged to control the access unit to stand still. The baseball 
pattern on the surface of the detector is moving in accordance with changed track- 

10 ing. 

The details of the reflected spot and baseball pattern will differ somewhat from the 
idealized situation described above; for example, rather than staying exactly circu- 
lar, the central focused beam will be deformed when it is above or below focus. In 
addition, it is necessary to use a more realistic diffraction model (described below) 

15 to describe the readout mechanism more realistically. The method shown above 
works well as a qualitative first approximation. When the push-pull mechanism of 
the arm unit is used, these irregularities are not critical; the system aims to keep the 
system in that configuration in which the central spot is focused on the center of the 
quad detector and the side baseball patterns are symmetrical. At worst, the irregu- 

20 larities may require adjustments to the sensitivity of the push-pull mechanism in dif- 
ferent directions, and also some asymmetric calibration of the signals from the quad 
detectors (which can be done trivially in the signal-processing electronics). Simi- 
larly, the detector may become slightly misaligned from the track because of the 
motion of the arm; this can be corrected for by similar calibrations or in some cases 

25 even ignored. 

A more physically accurate presentation of the readout scheme utilizing a more re- 
alistic diffraction model is now shown. The detection by identifying the tracking 
signal to control the movement of the arm unit according to this embodiment of the 
invention is described next in association with figures 7g - 7k. 

30 The tracks of the data layer are forming a periodical structure which functions as a 
reflection grating as shown in figure 7g, which is a top view of figure 7b. Figure 7g 
illustrates tracks 70 and the grating period t depicted as the track separation. This 
grating is separating the incoming beam 1 into sub-beams la, lb and 1c, which are 
called diffraction orders, andassigned by their ordinal numbers starting from the 

35 centre beam lb and appended by minus sign la or plus sign 1c on the respective 
sides of the centre beam. Figure 7g shows three diffraction orders from -I to +1 , 
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where I is 1, 2, 3, etc. The tracking signal is generated by taking the advantage of 
the interference between the 0 th (reflected centre beam lb) order and ±Ith order, 
which changes the intensities received by the quadrants 18a and 18d as shown in 
figures 7h - 7j. It should be noted here that the coherent light is used and so the in- 
5 tensities of the overlapping orders cannot be simply added together, instead the in- 
terference between the orders must be taken into account when calculating the over- 
all intensities of the quadrants. 

Figures 7h - 7j illustrate a detector element 18, preferably a quad detector with four 
detector surfaces 18a, 18b, 18c, 18d. A track direction is shown by an arrow. A 

10 tracking signal is used to follow the data tracks during the playback of the optical 
storage medium. One method to produce the tracking signal in an access unit is to 
compare the light intensities received by two guadrants of the detector element 18, 
assigned with detector surface 18a responding to the signal SI and detector surface 
18d responding to the signal S4, where 18a and 18d are located at the opposite sides 

15 of the track. In general a geometry of the optical storage medium defines in which 
one of the two quadrants the intensity is increasing and decreasing when the spot is 
focussed on the side of the track. The ±Ith orders are partly overlapping with the 0th 
orders as shown in figures 7h - 7j, as well as in figure 7g, and are forming a base- 
ball pattern on the detector element 18. Figure 7i shows a situation when the spot 77 

20 is focused in the middle of the track. Then signals S 1 and S4 in the quadrants 1 8a 
and 18d, respectively, are equal because the situation is symmetrical and so the in- 
terference of the 0 th order with the -Ith and +Ith order is identical. Now if the spot 
77 is focussed on the side of the track it changes the phases of the reflected sub- 
beams la or lc on the detector. Depending on the structure of the optical storage 

25 medium, and on which side of the track the beam is, either -Ith or +Ith order is in- 
terfering constructively with the 0 th order, i.e. the light intensity in that quadrant is 
increasing. The other order is interfering destructively with the 0 th order and so the 
light intensity in that quadrant is decreasing. Consequently, as shown in figure 7h, 
the destructive interference in the quadrant 18a gives lower signal than the construc- 

30 tive interference in the quadrant 18d, which means that the intensity signal S4 is 
higher that the intensity signal S 1 , and hence the light beam is to the left of the mid- 
dle of the track. Correspondingly, as shown in figure 7j, the constructive interfer- 
ence of the quadrant 18a giving higher signal than the destructive interference of the 
quadrant 18d, which means that the intensity signal SI is higher than the intensity 

35 signal S4, and hence the light be is to the right of the middle of the track. The mag- 
nitude of the constructive and destructive interference, and thus the signal, in the 
quadrants of the detector is proportional to the spot's 77 distance from the track 



WO 2004/049319 



PCT/FI2002/000954 



18 

causing a signal that varies in the function of the distance. The imbalance of the 
quadrant intensities can be detected and used to generate the tracking signal needed 
to keep the beam focussed on the track. 

The rotation of the access unit, preferably an arm unit, changes the alignment of the 
5 detector and the tracks and the system must be able to tolerate this. The misalign- 
ment can be optimised to be less than 10 degrees and the system can be designed to 
tolerate this. The misalignment is changing the intensity distribution on the detector 
symmetrically as shown in figure 7k. The equal areas of the spots and thus intensi- 
ties of the +Ith and -Ith orders are shifted from the quadrants 1 8a and 1 8d to the 
10 quadrants 18b and 18c. Due to this the relative intensities between the quadrants 
18a and 18d, used to calculate the tracking signal, and relative intensities between 
the quadrants 18b and 18c, used to calculate the focusing signal, are not changing 
and the signals can be calculated as usual. In figure 7c the misalignment is exagger- 
ated and normally will be less than 10 degrees in accordance with tests performed. 

15 In the preferred embodiment, the same light beam is used to provide both the focus- 
ing and tracking signals. Also three-beam or multi-beam or other types of steering 
may be used to provide the focusing and tracking signals. The device of the inven- 
tion is not highly sensitive to the angle error caused by movement of the access unit, 
because the baseball pattern is simply slightly rotated. 

20 The focusing and tracking signals can be studied by simulations, such as functional 
electric simulation signal calculations, by using e.g. a quad detector element with 
four surface elements. A detailed calculation of the actual signals and the sensitivi- 
ties and calibrations needed to perform the push-pull operation requires diffractive 
modelling rather than the simplified geometric model shown here. However, adding 

25 diffraction to the model affects only the detailed results and not the fundamental 
principle. Note that in a real system there may be additional optical phenomena not 
covered here such as additional diffraction from the edges of the groove; since these 
are second-order phenomena, they are likely to be insiginificant. In cases where 
they are not, they can be handled by additional signal processing; the specific signal 

30 processing depends on the details of the particular embodiment, and is not covered 
here. 

Figure 8 illustrates a communication device 80 comprising an optical storage me- 
dium drive 81 and at least one access unit 83 for reading out data from an optical 
storage medium 82 and for writing data to an optical storage medium 82 according 
35 to the invention. The communication device also comprises at least one light source 
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84 for emitting light beams, optical components 85 for transmitting, guiding, bend- 
ing and focussing the light beams and a detector element 86 for detecting the re- 
flected light beams. Light sources 84, e.g. semiconductor lasers, are used to provide 
light beams needed to read and write data from/to the optical storage medium 82. 

5 When the light beam is emitted from the light source it may diverge, i.e. the emitted 
light beam widens. In order to transfer enough light from the light source to the de- 
sired distance optical components 85 are used to restrict the widening of the light 
beam. As well, optical components 85 are used to collimate or focus the emitted 
light beam. The collimated light beam can be used to propagate the beam long dis- 

10 tances in free space and the focusing can be used to image the beam into a light- 
guide or wave-guide. Also optical components 85 are used to redirect and focus the 
light beam to the data track of the optical storage medium. In front of the detector 
optical components 85 are used to collect the reflected light beam to the detector 
element. These optical components, here just referred by a number 85, are discussed 

15 more detail in connection with figures la, lb, 2a, 2b, 3a and 3b. 

In figure 8, in accordance with shown in figure la and lb, the access unit 83 pivots 
on its one end (pivot point) three-dimensionally in relation to vertical (x), horizontal 
(y) and longitudinal (z) axis. Thus the access unit is capable of being controlled at 
least in upwards-down wards, lateral and tilted direction in relation to its pivot point. 

20 The access unit 83, optical components 85 and the detector element 86 for receiving 
and detecting the reflected light beam are the same as described in association with 
figures la, lb, 2a and 2b. They are arranged so that they move in accordance with 
the movement of the access unit, i.e. they are fixed to the access unit with appropri- 
ate fastenings means. The units 84 and 86 are also connected electrically to the ac- 

25 cess unit 83 and a main control unit (not depicted) of the device. The light source 
84 is preferably located at or near the pivot point of the access unit. In accordance 
with the above mentioned set up of the device the light beam emitted from the light 
source is guided in a transversal angle towards the data tracks of the optical storage 
medium. The reflected light beam reflected from the data tracks of the optical stor- 

30 age medium is received in a transversal angle by the detector element 86 and asso- 
ciated optical components 85. All the embodiments of the device described earlier 
in association with figures la to 5 are also relevant with the communication device 
80 according to the invention. Also the fundamental idea of the focus error correc- 
tion (figure 6) and the track error correction (figures 7a and 7b) are relevant in asso- 

35 ciation with the communication device according to the invention. 
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According to one further embodiment of the invention the light source 84 may be 
located at the other end of the access unit than the pivot point, i.e. on the access unit 
head, and the light beam from the light source is guided in a transversal angle to- 
wards data tracks. This implementation reduces still component count, because the 
5 mirror 15, 15a (figures la and lb) can be omitted and for focusing the light beam 
the diffractive optical element DOE 16 (figures la and lb) can be used. However, 
this implementation requires smaller-size and lower-weight light sources than avail- 
able by today's technology. 

Figure 9 illustrates a flow diagram of a method according to the present invention 

10 for reading out data from an optical storage medium and writing data to an optical 
storage medium. In the first step 901 the light source produces the light beam. If 
two or more separate light sources are used, the light beams are synchronized by 
synchronizing the laser sources according to step 903. The synchronization algo- 
rithm used is described later in this description. In step 905 emitted light beams may 

15 be collimated before transmitting them in step 907. The emitted light beams are 
guided and bended transversal towards the tracks of the optical storage medium ac- 
cording to step 909. After this the reflected light beams from the tracks of the opti- 
cal storage medium are transmitted in step 911 and then the reflected light beams 
are detected in step 913. The focus error is detected according steps 915 and 916 

20 and if correction is needed, appropriate correction is made by a movement of the 
access unit according to step 919 and after that steps 909 to 916 are repeated. The 
track error is detected according steps 917 and 918 and if correction is needed, ap- 
propriate correction is made by a movement of the access unit according to step 920 
and after that steps 909 to 918 are repeated. When focus and tracking is correct the 

25 read and/or write operation using transversal angled light beams is performed ac- 
cording to step 921. 

Note that the control in the z-direction has been left out of this definition of the al- 
gorithm as not presenting any significant novelty; it is a straightforward push-pull 
algorithm which keeps the beam correctly aligned by seeking symmetry of the re- 

30 fleeted signal. Note also that the sampling frequencies for control in the various di- 
rections (x,y,z) may be very different, and as such Figure 9 is only a highly ideal- 
ized representation of the actual algorithm (in which sampling in the sampling rates 
for the x, y, and z directions may be different). However, this idealization ade- 
quately presents the significant features of the invention, and the refinements are 

35 considered specific embodiments. 
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It is also possible to derive more complex algorithms based on simultaneous analy- 
sis of the various push-pull loops (in the x, y, and z direction). These are considered 
specific extensions and refinements of the present invention, and are not covered in 
detail. 

5 Figure 10a illustrates the synchronization algorithm of the method according to the 
invention, if two separate light sources are used. Separate initialization routine may 
be needed. In first step 1 1 1 the first light source is switched on, and then in step 113 
the location of the light beam of the first light source is detected. It is further 
checked in step 115 that location is on track and in step 117 that the location is at 

10 focus. If the answer in steps 1 15 and/or 1 17 is negative, the appropriate corrections 
are made according to steps 116 and 118. In step 119 the second light source is 
turned on, and in consequence the first light source may be turned off or it is kept 
on constantly. The operation of the second light source is executed in step 120 and 
after succesful operation 121 the second light source is turned off in step 123. After 

15 this the first light source (is turned on) and continues the operation it was doing be- 
fore interruption. As an exemplary embodiment of the method according to the in- 
vention is the situation, that the first light source is used for read operation and the 
second source for write operation. According to this example the read beam may be 
pulsed so that it is off when the write beam is turned on, or it can be kept on con- 

20 stantly. The energy-optimal and thermally optimal pulsing implementation depends 
on details of the physical implementation. 

Also the use of other kind of synchronization algorithms are possible. Figure 10b 
describes a synchronization algorithm of another embodiment of a method accord- 
ing to the invention, if two separate light sources are used. Separate initialization 

25 routine may be needed. In first step 131 the first light source is switched on, and 
then in step 133 the location of the light beam of the first light source is detected. It 
is further checked in step 135 that location is on track and in step 137 that the loca- 
tion is in focus. If the answer in steps 135 and/or 137 is negative, the appropriate 
corrections are made according to steps 136 and 138. In step 139 the second light 

30 source is turned on, and in consequence the first light is kept on but a read/write op- 
eration is interrupt for a certain time period. The operation of the second light 
source is executed in step 140 untill said time period is elapsed according step 141 
and 142. Now in step 143 the first laser source continues read/write operation from 
the location where it was when the operation was interrupt and the read/write opera- 

35 tion of the second light source is interrupt. According to this embodiment both laser 
sources are on at same time. 
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According to the invention other embodiments with one or more light beams of the 
kind described earlier are also possible, and they are straightforward extensions of 
these, but they are not covered in detail here. 

The invention is not restricted to the embodiments described above. While a pre- 
5 ferred embodiment of the present invention is disclosed herein for purposes of ex- 
planation, numerous changes, modifications, variations, substitutions and equiva- 
lents in whole or in part should now be apparent to those skilled in art to which the 
invention pertains. Accordingly, it is intended that the present invention be limited 
only the characteristics and scope of the hereto appended claims. 
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